
Climatic & 

 Atmospheric Conditions 
Precipitation, wind radiant energy 

Provides thermal and chemical inputs 

 

Degradation of River Channel Habitat 

Increased sediment and nutrient loading 

Narrowing of channel 

Aggradation of flood plane 

Decreased width to depth ratios 

Decreased diversity of habitat 

 

Degradation of Riparian Habitat 

Increased riparian zone vegetation 
Increased fire frequency and Intensity 

Loss of connectivity btw native desert and  

natural floodplain and river 

 

Flow Depletions &River regulation 

Severe flow reductions 
Loss of channel scouring floods 

Loss fo variability in discharge pattern 

Degraded water quality 

Decreased hyporheic exchange 

Altered nutrient spiraling distances 

River Channel Habitat Quality 

Pool bottoms persistently anoxic mud 
Longer deeper pools 

Shorter steeper riffles 

Loss of backwaters 

 

driver stressor effect attribute 

Riparian Habitat Quality 
Giant river cane and saltcedar proliferation 

decreased vegetative diversity 

Decreased wildlife utility 

Decreased visitor access 

 

 

Increasing salinity 

Low DO during flow pulse 

Anoxic mud 
 

 

 

Conceptual Model of the Rio Grande below Redford to Foster’s Weir. 

Watershed 
Landform, vegetation, soil, slope 

Shapes material flow and direction 

 

Natural Disturbance 
Climatic extremes, floods, wildfire 

Initiates state transitions, large inputs of  

sediment and water 

 Physical Processes 
Hydrology, groundwater, volume and flow rate 

Material transport and  

Water quality 

 

Introduction of Exotic vegetation 
Saltcedar 

Arundo donaz  

Discharge of contaminants Into system 
Municipal return flow 

Agricultural return flow 

Mine waste 

Watershed degradation 
Overgrazing 

Landscape fragmentation 

Adapted from Groeger (2008) and Ibis Ecosystem Associates (2007) 

 

Declining bio diversity 
Declining mussel population 

Declining fish diversity 
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Conceptual Ecological Model of Working Hypotheses 

Aquatic Communities 

 Big Bend Reach of Rio Grande River 

 

Recruitment-Level Flow Events 

•April-June 

3,000 – 4,000 cfs? 

2-Week Duration ? 

3-Year Frequency 

Hydrologic Connectivity 

•River Channel to Floodplain 

•Surface Water to Groundwater 

•Hyporheic cycling 

Episodic Flow Events 

 Channel Avulsion 

 & Scouring 

Construction of coarse 

Grained sediment plugs 

At tributary mouths 

Viable Populations of Key Indicator 

Groups of Aquatic Fauna 

(Including Rio Grande Silvery Minnow) 

 Aquatic Fauna 

Community Diversity 

 

 Over-bank 

Flow 

River & Floodplain 

Management 

 Hydrologic & 

Geomorphic Effects 

  Performance 

Measures 

Aquatic 

Community 

Attributes 

Tributary flashing 

Bank-full Flow 

& 

Dynamic In-Channel Morphology 

Recruitment To Adult Stage 

Survivorship By Age Class 

Population Geometric Growth Curves 

 

Diverse Sediment Size 

Distribution & 

Shifting Sand Substrate 

 

Inset floodplain 

development 

Aquatic Habitat Heterogeneity: 

•Multi-Threaded Channel 

•Dynamic/Avulsive Channel 

•Channel Width/Depth Ratio 

•Backwaters 

•Woody Debris 

 

Adapted from Groeger (2008) and Ibis Ecosystem Associates (2007) 



Conceptual Ecological Model of Working Hypotheses 

Water Quality 

 Big Bend Reach of Rio Grande River 

 

Channel Full Flow Events 

•April-June 

8,000-10,000 cfs? 

2-Week Duration 

3-Year return frequency? 

Hydrologic Connectivity 

•River Channel to Floodplain 

•Surface Water to Groundwater 

Episodic Long Duration 

Flow Events 

 Channel Avulsion 

 & Scouring 

Store and process organic 

Material and nutrients 

Viable Populations of Key Indicator 

Groups of Aquatic Fauna 

(Including Rio Grande Silvery Minnow) 

 Aquatic Fauna 

Community Diversity 

 

 Over-bank 

Flow 

River & Floodplain 

Management 

 Hydrologic & 

Geomorphic Effects 

  Performance 

Measures 

Water Quality  

Attributes 

Spring flow 

Groundwater contributions 

 

Bank-full Flow 

& 

Dynamic In-Channel Morphology 

Recruitment To Adult Stage 

Survivorship By Age Class 

Population Geometric Growth Curves 

 

Uncover cobble bars and  

increase hyporehic cycling 

 

Prevention of Stranding 

With 

Water Level Recession 

Aquatic Habitat Heterogeneity: 

•Multi-Threaded Channel 

•Dynamic/Avulsive Channel 

•Channel Width/Depth Ratio 

•Backwaters 

•Woody Debris 

 

Adapted from Groeger (2008) and Ibis Ecosystem Associates (2007) 



Component Hydrology Geomorphology Biology Water Quality 

No-Flow Periods Flow ceases between 

perennial pools 

Generally stressful for fish 

communities 

Temperatures rise and 

oxygen levels decrease. 

These condition sometimes 

cause fish kills 

Subsistence Flows Infrequent low flows Increased deposition of fine 

and organic particles 

Provide restricted aquatic 

habitat limit connectivity 

 

Elevate temperature and 

constituent concentrations 

Maintain adequate levels of 

dissolved oxygen 

Base Flows Average flow condition, 

including variability 

Maintain soil moisture and 

groundwater table Maintain 

a diversity of habitats 

Provide suitable aquatic 

habitat, Provide 

connectivity along channel 

corridor 

Provide suitable in-channel 

water quality 

High Flow Pulses In channel short duration, 

high flows 

Maintain channel and 

substrate characteristics; 

Prevent encroachment of 

riparian vegetation 

Serve as recruitment events 

for organisms; Provide 

connectivity to near-

channel water bodies 

Restore in-channel water 

quality after prolonged low 

flow periods. 

Overbank flows Infrequent high flows that 

exceed the channel 

Provide lateral channel 

movement and floodplain 

maintenance; Recharge 

floodplain water table; form 

new habitats; flush organic 

material into channel; 

Deposit nutrients in 

floodplain 

Provide new life phase cues 

for organisms; Maintain 

diversity of riparian 

vegetation; Provide 

conditions for seedling 

development; Provide 

connectivity to floodplain 

Restore water quality in 

floodplain water bodies 

Channel Maintenance For most streams, channel 

maintenance occurs mostly 

during pulse and overbank 

flows 

Long-term maintenance of 

existing channel 

morphology 

 Maintains foundation for 

physical habitat features 

instream 

Water quality condition like 

those during pulse 

overbank flows 

From Guadalupe 

BBEST report 


